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Abstract
The next generation experiments to measure the neutron EDM are being proposed at the
Los Alamos National Lab. The use of spin polarized 3 He is a critical component of the
experiment. Thus measuring the relaxation times of polarized 3 He under the actual conditions of
the neutron EDM is a crucial step in the success of the experiment. This paper talks about the
effort underway at Duke University to measure the relaxation time of polarized 3 He at cryogenic
temperatures. The applications available in LabView and ExpressPCB have been used
extensively in these efforts.
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Introduction
The search for a non-zero value of the neutron electric dipole moment (EDM) is
a direct search for violation of the time reversal symmetry. The possible existence of a
non-zero value is of great importance and directly impacts our understanding of the
fundamental forces of nature included in the Standard Model, which are strong, weak,
and electromagnetic (the fourth fundamental force - gravity is not included in the
Standard Model). The Standard Model (SM) predicts the neutron EDM to be 10-31 e*cm
which is below the reach of the current experimental limit, dn< 6.3 x 10-26e*cm, by five
orders of magnitude. The gap between the SM and observation is the territory for the
discovery of"New Physics" beyond the SM. Many proposed models of the electroweak
interaction, which are extensions beyond the SM, predict much larger values for the
neutron EDM. Moreover, a non-zero value may help explain the Baryon Asymmetry of
the Universe (BAU). Baryon Asymmetry refers to the preponderance of matter over anti
matter in the universe. Baryons are heavy subatomic particles made up of quarks. Both
protons and neutrons are baryons[l].
A new experiment has been proposed at Los Alamos National Lab to measure the
neutron EDM that would push the limit by another two orders of magnitude. Polarized
3

He is a critical component of this proposed experiment. A sufficiently long relaxation

time of polarized 3 He under neutron EDM experimental conditions is essential to the
success of the overall experiment. The medium energy group at Duke University has
been measuring the relaxation time of polarized 3 He at low temperatures and the presence
of 4 He to ascertain the feasibility of the neutron EDM experiment.
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The Neutron EDM
A neutron is made.up tiny particles called quarks. There are three quarks in a
neutron; one called "up" and two that are called "down". The "up" quark has a +2/3
charge; the two "down" each have a -1/3 charge. The charges of the three quarks that
make up the neutron cancel when added and leave it electrically neutral. In spite of being
electrically neutral, the electric dipole moment of a neutron can arise from an asymmetry
in spatial distribution of positive and negative charge within a neutron[2].
Previous/Proposed Measurements
In 1950, Smith, Purcell, and Ramsey determined the neutron electric dipole
moment to be< ~3x10- 18 e*cm. The Standard Model predicts the neutron EDM to be
~10-31 e*cm. The current experimental limit is dn< 6.3 x 10-26 e*cm, where d0 is the
electric dipole moment of a neutron. Thus new more sensitive experiments make way for
the discovery of "New Physics" beyond the Standard Model.
A new experiment has been proposed at Los Alamos National Lab to measure the
neutron EDM that would push the limit by another two orders of magnitude. The
proposed experiment uses a three-component fluid of spin polarized ultra-cold neutron
(locally produced), spin polarized 3He atoms, and superfluid 4He, at a temperature of
300mK, all placed in a neutron trap. The neutron trap is placed inside a fixed uniform
magnetic field which is perpendicular to the polarization direction. This causes the spin
polarized neutrons and 3 He to precess. We use the spin dependence of the nuclear
reaction n + 3He ➔ p + t +764keV to measure the difference between the neutron and
3

He precession frequencies. By applying a strong electric field parallel and anti-parallel

to the magnetic field and measuring a difference in the neutron precession frequency
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when the field is switched from being parallel to anti-parallel to the magnetic field one
can access the neutron EDM.
Polarized 3 He
Spin-polarized 3 He nuclei have at least one unpaired proton or neutron that act
like tiny magnets. When a strong magnetic field acts on the polarized 3 He, it will set the
unpaired proton or neutron into precession. Precession of the particle will arise from
torque acting on the nuclei caused by the external magnetic field.
Role of polarized 3 He in proposed measurement
The electric dipole moment of 3 He is zero due to Schiff shielding[4]. This makes
3

He an excellent candidate as a co-magnetometer that monitors the magnetic field over

the volume where the ultra-cold neutrons (UNC) are trapped. As the spins of the 3 He
atoms and the neutrons precess in the plane that is perpendicular to the static magnetic
field, the SQUID (super-conducting quantum interference device) pickup coils detect a
signal from the large number of magnetic dipoles. The signal will create a sinusoidal
wave that will directly measure the 3He precession frequency, u3.,
To measure differences in the precession frequencies of a neutron and 3 He, we use
the spin dependence of the nuclear absorption cross-section for the reaction:
n + 3 He ➔ p + t +764keV.
The intermediate 4He state has a zero spin so this reaction is suppressed when the spins of
a neutron and 3 He are parallel. On the other hand this interaction has an enormous
likelihood of happening if the spins are anti-parallel. Initially the neutron and 3He are
aligned parallel. The 3He spin vectors will rotate ahead of the neutron spin vectors and
destroy the alignment. The absorption process will alternately appear and disappear. The
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scintillation light generated by the recoiling charged particle reaction produced in the
superfluid 4He is emitted in a broad spectrum centered at 80nm, and is easily transmitted
to the wall of the cell where a deuterated tetraphenyl butadiene-doped polystyrene surface
will absorb it and re-emit it at 430nm. This wave-shifted light can be collected with light
pipes and transmitted to photomultiplier tubes outside the magnetic field. The
photomultiplier signal will give a direct measure of the beat frequency (difference
between the neutron precession and 3 He precession) and combined with the SQUID
measurement; it can give us the neutron precession frequency, Un. When we measure the
beat frequency, 1U n -u3 1, for positive and negative values of E o, the external electric field,
we get two values for the neutron precession frequency, Un and Un ·• We can then plug Un
and Un · in the equation for the electric dipole moment of a neutron (dn = h(u0 -un ')/4E0).
The Duke Polarized 3He Project

A glass cell containing rubidium and 3 He is placed in a static magnetic field
(holding field) inside an oven, which heats it to 180 degrees Celsius and vaporizes the
rubidium. Then the rubidium vapor is optically pumped by an intense beam (60W) of
circularly polarized laser light. The ground state energy level of rubidium is split by the
static magnetic field. The laser light excites the atomic electrons in the rubidium ground
state to higher energy states, which can then spontaneous decay back to the two ground
state levels. Thus over time one of the split ground state levels gets depopulated
producing electron spin polarized rubidium. The polarized electrons of the rubidium
collide with the 3 He nuclei and transfer the electron spin in rubidium to the 3 He nucleus
via the hyper-fine interaction. This is called spin exchange optical pumping[6]. Spin
polarized 3He can then be transferred from the optical pumping cell to a test cell
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embedded in a liquid bath of 4He at a temperature of 300mK inside a dewar. The dewar
contains three layers of insulation with a layer of high vacuum in between each layer. The
system allows the test cell to be coated with deuterium, which will minimize the loss
polarization. A picture of the experimental apparatus is shown in figure 1.

FIG. 1 : Complete picture of experimental apparatus at Duke
The experiment studied the relaxation time of 3 He in the pumping cell at room
temperature and the test cell at low temperatures around 2K. The relaxation time is the
time it takes for 3 He to depolarize or lose its spin. The relaxation time decreases rapidly
with temperature but increases below the 3 He liquification temperature. The presence of
superfluid 4He improves the relaxation time.
There are three sets of coils, two in the dewar which are the driving coils and the
pickup coils. The other set of coils are the outside coils or the helmholtz coils that
provide the magnetic holding field. The three coils perform a process called adiabatic fast
passage on the 3He in the test cell. During adiabatic fast passage (Nuclear Magnetic
Resonance) the holding field changes and the static field is ramped towards resonance.
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When at resonance, the 3 He average magnetic moment induces an external magnetic field
signal in the pickup coil and the signal is proportional to the 3 He polarization. When the
holding is ramped beyond resonance the 3 He polarization will be pointing in the opposite
direction. We ramp the holding field from below the resonance to above the resonance
frequency and then below again. When at resonance, the 3 He average magnetic moment
induces an external magnetic field signal in the pickup coil and this signal is proportional
to the 3 He polarization. The procedure results in two spin flips, which induces the
external magnetic field signal in the pickup coils. The sweep rate must be slow enough so
the magnetization of 3 He follows the effective magnetic field (that is why it is called
"adiabatic"), while it must be fast enough that the spin relaxation at resonance is minimal
(that is why it is called "fast"). The signal strength in the pickup coils and the magnetic
field will be measured while the system is being ramped. The data can be used to make
sure the alignment of the 3He is done correctly and to make sure we are receiving the
signal. We ramp the field every hour and take data.
Figure 2 is an example of the NMR signal and the fitted amplitude is considered
to be proportional to the polarization. The legend to the graphs below is unclear. It
should say signal height in measurements of meters.
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FIG. 2 NMR signal

We also measured the relaxation time of 3He using the method called Free
Induction Decay (FID). In this process, the polarized 3He is aligned with the static
external magnetic field. Then, a radio frequency pulse at Larmor frequency is applied.
The Larmor frequency is the frequency observed by a charged particle precessing in a
magnetic field. In our case it is the 3He that is precessing. This causes the orientation of
the magnetic moments of 3He to tilt at an angle with respect to the original holding field.
These pulses are generated by a set of coils surrounding the test cell. The tilt of the angle
is proportional to the amplitude of the applied pulses[l O]. Once the pulse is removed, the
magnetization precesses around the original holding field and decays back down to its
original alignment with the static external magnetic field. The precession induces a signal
in the coils, which can be monitored. The initial amplitude of the precession signal is
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related to the polarization of3 He. By measuring the initial amplitudes over time, the
relaxation time of 3 He can be determined.
Results
To see the effects on the relaxation time a sealed cell and a double cell system
was used. The results of the sealed cell suggest that longer relaxation time exist with
more 4 He filled in the dewar up to the cell. Measurements of relaxation time at
temperature less than 2K seem to improve in the presence of 4He, and the deuterated
TPB sticks seem to have negligible effect, which is an encouraging result for the actual
neutron EDM experiment at Los Alamos. The relaxation time improves when one
reduces the temperature from 4.2K to 2K; this is also promising since the actual
experiment will take place at 300mK.
The times obtained correspond to a magnetic holding field of21 gauss. At 4.7K
~13900 seconds and at 2.5K ~30000 seconds, and at room temperature it was 36000
seconds. The results of the double cell system were much better than the sealed cell. A
relaxation time of7.8 hours was obtained when the magnetic holding field was
7Gauss[l 1]. In this system the addition of deuterated tetraphenyl butadiene-doped
polystyrene (dTPB) to the glass cell is used, which enables us to get a better relaxation
time. To get rid of any magnetic impurities both the glass cells are baked. Figures 3a, 3b
and 4 are graphs of the relaxation times in both the sealed and double cells.
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My Project

This summer we measured the relaxation time of 3 He under various cell
conditions, rather than the actual electric dipole moment. The glassmakers at UNC of
Chapel Hill have been very essential to the success of this experiment. They have made
several adjustments to the various cells to obtain a better relaxation time.
LabView
I created a graphical interface for a diode laser using the commercial software
package Lab View. Labview is a software tool, which allows one to build a signal control
program with graphical interfaces that can communicate with all the different computer
control equipment used in the experiment. The control program can also collect and
record all the data generated in the experiment. I created a LabView control for the diode
laser used to optically pump the rubidium vapor. LabView is also used to for data
acquisition.This program operated the start of the experiment and recorded all data
collected during a run. To learn how to operate LabView, I reviewed many tutorials
online, and I made several mini LabView programs with simple operations.
There are two screens in the LabView program. One is the front panel, and the
other is the block diagram. The front panel is the screen that contains the controls and
settings. The temperatures of the laser and the sink as well as the current of the laser can
be adjusted from this screen. It also gives a read back of settings. The front panel has an
on/off switch, an emergency stop switch, and a start run switch. The block diagram
contains all the programming and codes to make LabView program run. Each icon on
the front panel that has an operation has a specific code that enables it to work. The codes
were found in the operation manual that came with the laser. I encountered many
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problems getting the program to run and all the codes did not match the operations I
wanted. After all the flaws were worked out, the program ran perfectly. We were able to
connect the LabView program to the existing data acquisitions.
The diode laser used a serial port connection so the program had to be designed
using serial tools in the LabView program. The serial connection used at 9 pin RS232
cable; we didn't have one long enough so I had one made at the electronics shop. Figure
5 is a picture of the front panel of the LabView interface I created.
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ExpressPCB
A second project involved building circuits for the new polarimeter.
The FID polarimeter used in the lab has a frequency range of 30-S0kHz, but our
experiment demands a range of 30- 90kHz. Thus one of the lab projects was to build a
new polarimeter with the desired frequency range. Brain T. Saam and Mark S. Conradi
designed a polarimeter with a range from 30-250kHz[9]. Using their circuit diagrams
Bernadette Heyburn, an undergraduate student from CalTech, and I created a duplication
of their instrument. The polarimeter consists of four major components: the power
supply board, the pulse generator, the transmitter, and the receiver. Using ExpressPCB, a
computer program to make printed circuit boards, we created schematics for the
transmitter and the receiver. We sent the final work to the manufactures to be fabricated.
We did not have enough to do the same for the pulse generator. The power supply boards
were also assembled on top of the circuit boards. The regulator chips on each of the
circuit boards will convert AC power from the wall to DC power. The circuit boards will
then be combined to create the polarimeter.
ExpressPCB was a difficult program to manipulate. It took several weeks to
design the schematics for the transmitter and receiver. The program allows you to create
circuits on the computer that can be understood by the manufactures. The circuit boards
are composed of many elements such as resistors, chips, transistors, and switches.
ExpressPCB starts out with a blank circuit board on the screen. Following the circuit
diagrams we placed each chip, transistor, and switch in the blank circuit one at time and
wired them together correctly. Many of the chips were not in the program's catalog, so
we had to look them up on the web and create them in the program. We also had to keep
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in mind what is commercially available. The size of the boards created another problem;
the circuits we made in the program had to fit the boards the manufactures had available.
We were able to complete the schematics and have the boards made. The polarimeter
controls and data acquisition will be implemented with the LabView program.
I also recorded many relaxation times of polarized 3He in the Duke lab. I was able
to verify that the relaxation time decreases rapidly with temperature but increases below
the 3 He liquification temperature. Also the presence of superfluid 4He improves the
relaxation time. When more 4He was used, longer relaxation times were obtained. We
found this to very beneficial, when we were able to obtain a relaxation time of 7.8 hours.
Conclusion
The actual experiment at Los Alamos will not begin its first run until 2008. The
relaxation times of 3 He collected this summer have been essential to the overall success
of the experiment. LabView allowed the experimental runs to be done and recorded more
efficiently. Polarized 3 He is the key component of the experiment, and maintaining their
polarization at the EDM experimental conditions is critical. We used spin exchange
optical pumping to produce polarized 3 He. The NMR method was employed to measure
the relaxation time and polarization of 3He, and the FID method using ExpressPBC is
underway. The goal of the medium energy group at Duke is to acquire the longest
relaxation possible.
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